Current spatial planning and design practice regards urban and rural spatial systems as simple systems. The proposed design strategies are often one-dimensional, one-problem and onesolution oriented. As a consequence, they often decrease the flexibility of urban systems to cope with uncertainty and the occurrence of weather extremes. Spatial systems need to be looked at as complex adaptive systems, in order to improve their capability to deal with these circumstances. Translating the properties of Complex Adaptive Systems to spatial planning results in a new approach: Swarm Planning. Swarm Planning uses the concepts of selforganisation, emergence and adaptive capacity as the basic principles of design, thus increasing flexibility, diversity and resilience in urban and rural systems. Swarm Planning has proven to be successful in pilot designs at dealing with uncertainties and has led to future spatial visions that are capable of dealing with unknown changes and surprises in weather and climate. These Swarming Landscapes not only increase the resilience of cities and landscapes, they also provide society with an attractive and imaginable spatial future.
Introduction
Spatial planning and climate change science are part of a complex and uncertain context. The general response to this, and this can be seen throughout both the spatial planning and the climate change community, is to try to reduce uncertainty by introducing more procedures, developing more detailed models and increasing control of processes. However, gaining more detailed knowledge does not always increase certainty, or as Kevin Trenberth [2010] puts it: 'More knowledge less certainty'. Both spatial planning and climate change, even more so if the two are linked, could gain from introducing self-organising principles. In order to be able to do so, the spatial system needs to be understood as a complex adaptive system, in which processes of self-organisation and emergence create ever changing spatial patterns, which, when used purposefully, will increase the system's capability to respond effectively to unexpected change and uncertainty, for instance as a result of climate change. Providing the individual spatial elements in the landscape with a surplus of 'technical skills' will enable these spatial entities to self-organise and adapt more easily, thereby collaboratively increasing the adaptive capacity of the system. In order to create the conditions, which allow these selforganising processes to take place, current spatial planning practice needs to let go of its preference to regard spatial systems as being simple and problems as being tame. Complex Adaptive problems, such as climate change, cannot be dealt with within the current spatial planning framework. They require fundamental rethinking of the models underpinning spatial planning and introducing a new planning methodology. Swarm Planning claims to offer this methodology, using the dynamics of swarms as a metaphor. The behavioural patterns of swarms in nature are governed by the principles of self-organisation and emergence, rather than being planned and controlled by an outside authority. When these principles are built into a complex spatial system, the system can start displaying the properties of a swarm: responding to interventions and impulses it will change its shape, but not its content. The elements that make up the system will still be the same, yet they will interact in way that is more responsive to changing and uncertain circumstances, thereby increasing its adaptive capacity. The purpose of this paper is to develop Swarm Planning as a planning methodology, which is better equipped to deal with uncertainties and to effectively plan for the complex problem of climate change. This new methodology looks at spatial systems as complex adaptive systems and uses the properties of these systems spatially to increase the resilience and adaptive capacity of the system. The paper will first examine different views on dealing with uncertainty, it will then describe the properties of swarms and complex adaptive systems and their applicability to a Swarm Planning method and the paper will conclude with describing a Swarm Planning design, illuminating the potential benefits.
Dealing with uncertainty
Climate change and climate adaptation are often linked with uncertainty. As cited by the Global Commons Institute [2011] , WGI of the IPCC states: "Climate change, the greatest threat to mankind, is resistant to reliable methodological quantification. In many cases it is not possible to "ascertain the probability of outcomes and their consequences through well-established theories with reliable and complete data. Both the risk and uncertainty of climate change require a very large degree of subjective judgement, erring on the side of precaution". People are generally averse to uncertainty and vagueness and are accordingly reluctant to take action in response. However, when uncertainty is framed positively, people have stronger intentions to act [Morton et al., 2011] . Researchers describe several definitions of uncertainty [Solomon et al., 2007; Dessai and Van der Sluijs, 2007] . Recognised ignorance, which is different from value and structural uncertainty, addresses unpredictable uncertainties, which are related to unprecedented (climate) events, which are too few to define a probabilistic distribution [Garnaut, 2008] and arise in systems that are either chaotic or not fully deterministic in nature and limits our ability to project all aspects of climate change [Solomon et al., 2007] . The strategy to cope with this type of uncertainty is, instead of giving priority to reduce, both technical and in policy [Mearns, 2010; Meyer, 2011] , uncertainty to develop resilience and flexibility to endure effects of unpredicted events [Engau and Hoffmann, 2011] , accept uncertainty and expect unanticipated surprises [Dessai and Van der Sluijs, 2007] . In the light of this, limits to or unavailability of climate predictions should not limit adaptation. Instead, climate adaptation strategies [Dessai and Hulme, 2004; Hulme and Dessai, 2008; Dessai et al., 2009] , decisions [Dessai and Hulme, 2007] and robust measures [Hallegatte, 2009; Wilby and Dessai, 2010] can be effective, even in the face of deep uncertainty 1 [Kabat, 2008] . It may even prove cost ineffective to wait for more precise knowledge, especially if catastrophic events, the likelihood of which is little known, are taken into consideration [Pindyck, 2006] . The lack of attention to uncertainties in major adaptation research works [Adger et al., 2007; therefore does not need to worry us as the resilience approach [Dessai and Van der Sluijs, 2007] offers a positive framing of uncertainty and opens the opportunity to lessen the impact of uncertainty, complexity and change, e.g. increase the resilience, through designing our cities and landscapes learning from the way swarms work together in smart groups [Miller, 2010, pp 226] .
Swarms
Swarms in nature have been extensively studied and the behaviour of bees, ants, birds and termites is used as an example for human interactions in organisations and society [Fisher, 2009; Miller, 2010] . Core of these theories is that swarms function according to a couple of very simple rules 2 and perform as highly resilient systems, due to, according to Van Ginneken [2009] , (1) the interactions taking place between a large number of similar and free moving 'agents', which (2) react autonomous and quick towards one another and their surrounding, resulting in (3) the development of a collective new entity and a coherent larger unity of higher order: the system is self-organising in preparing and responding to changing circumstances. It develops emerging patterns and structures, which lessen the impact of uncertainties, complexity and change. Miller [2010] defines four principles of a smart swarm: self-organisation, diversity of knowledge, indirect collaboration and adaptive mimicking (coordinate, communicate, copy). In the current timeframe of connectivity, networks and the World Wide Web these swarm characteristics are becoming more important and will increasingly shape the way we live in the future. As Bonabeau, Dorigo and Theraulaz [1999] have demonstrated that autonomous, emerging patterns and 'parallel distributed' co-evolution will empower collective selforganisation and enhance synchronicity. These will take the place of the controlled, preprogrammed and hierarchical centralised processes as we know them to date and will give space to self-organising innovation through an interchanging occurrence of correcting and stimulating feedback loops. In the design of our built environment swarm theories and features are very rarely used. Oosterhuis applies swarm behaviour to buildings [Oosterhuis, 2006; . The programming and programmatic labelling and tagging of building components enables customising buildings to temporary desires or changing demands. The fluidity of the designs represents the constant adjustability of the individual elements in the building. The use of swarm characteristics on the regional landscape scale has been subject of several publications [Roggema, 2005; 2008a; 2008b; Roggema and Van den Dobbelsteen 2007; Roggema w. De Plaa, 2009] . However, the spatial translation of swarm characteristics has been identified as a research gap.
Complex adaptive spatial systems As swarms are capable of self-organisation and can develop emergent patterns in order to maintain existence or deal with changes in their environments, they can be seen as complex adaptive systems. The features of this type of systems influence their resilience and adaptive capacity. Applying these features to the spatial systems in a region therefore can be useful to increase adaptive capacity and resilience of the spatial system and can make the region better equipped to deal with the potential disturbance of climatic events. However, even though cities are regarded as complex systems [Batty, 2005; Allen, 1996; Portugali, 2000] , research rarely uses the knowledge about complex adaptive systems as input for design or future thinking. As a result of this most characteristics of complex adaptive systems are not extensively defined in a spatial manner. Research on this topic has started only recently [Roggema et al., 2011; 2012] and will be elaborated on in this paper. As a start the works of Johnson [2001] Miller and Page [2007] (computational/social) and Miller [2010] (societal/decision-making) are taken. They all describe the properties of complex adaptive systems. When these properties are combined the key features of complex adaptive systems can be distilled: a complex adaptive system is able to selforganise, is diverse, contains indirect collaboration and adaptive mimicry, has the capacity to adapt (through diversity, flexibility, heterogeneity, reconfiguring, balance, and learning and storing), shows emergence in developing collective patterns, consists of a large number of individual elements, contains many interactions and is able to undergo change while retaining its basic features. In order to undergo such a change the system needs to receive a certain incentive, a tipping point [Gladwell, 2002] , allowing the system to jump to a different state. When these properties are translated into spatial dimensions (table 1), the following spatial elements arise: a mix of functions, a mosaic (different spatial sizes and entities) in the city and the landscape, space for natural resources, space that has not been allocated (free space), dense and connected networks, focal points (nodes) and changing land use. The following section will examine each of the spatial dimensions on (1) how they are found, (2) what/how they contribute to the properties of complex adaptive systems, (3) what they mean in a spatial context and (4) how they can generate resilience.
• The mix of functions is based on the 'diversity' property of adaptive capacity. A more diverse city or landscape contributes to a higher adaptive capacity of the system. In spatial terms this means that when several different functions, such as living, agriculture, nature, water or industry are combined within a certain space, the diversity will be larger. In general, this also leads to intensive use of space, because functions are combined in close vicinity. When functions are combined, the configuration, mix and layout of the area can be more easily adjusted when an external 'shock' occurs, in other words the resilience of the area increases; • Mosaic in the city and landscape has been derived from the properties flexibility and heterogeneity, which, once enhanced, increase the adaptive capacity of systems. When a 'mosaic' of spaces exists in the landscape or in the city, temporary and rapid adjustments are possible. In contrast, when large areas consist of mono-dimensional spaces, such as wide and open agricultural landscapes or extensive urban sprawl, adjustments at the edges of these spaces are possible, but it is hard to change the entire space. The mosaic in the landscape may consist of spaces ranging from large to smallscale and everything in between. Examples are meadows, mid-size agricultural complexes, nature areas alongside rivers, forests including open spaces, etcetera. In the city a mosaic of spaces may consist of public space of different sizes, living areas in different densities, compact neighbourhoods of the same spatial typology, parks of different sizes and so on. When it is necessary to change the spatial layout due to an external factor, a differentiated spatial area offers much more opportunities for adjustment than a large space of a single type, hence the resilience of a differentiated area is higher;
• The space for natural resources focuses on creating balance between the demand for and supply of water, food and energy resources. When this supply, combined with improved ways to store resources within the area, can be permanently reconfigured, demand can be met, even if there would be sudden changes in it. If climate changes and causes unexpected new circumstances, shifts between the supply of energy, food and water may be required, so when the landscape is capable of enabling these kinds of changes, the adaptive capacity is greater, hence the resilience is larger;
• The rationale behind the creation of free space is to increase the space for development and reproduction of collective patterns. When new patterns and functions can be developed without being hindered by existing occupying functions, processes of selforganisation and adaptive mimicry can freely take place. Spatially, this means that parts of an area must be kept free of allocating specific land use. New collective patterns emerge in the city where no concrete function is foreseen. For instance, in many older cities, such as Amsterdam, Hamburg, Liverpool, London, Melbourne, to name a few, old harbour quays and docks became outdated and were not rezoned for a long period. During these periods of 'unuse' artists, small companies and new ways of living emerged, gentrifying and transforming those areas into hip and popular neighbourhoods. Eventually, these new collective patterns formed the basis for a structural redevelopment of the 'Docklands'. In this example, the 'free space' was available to accommodate new demands. When the future would demand extra space for flooding, sea level rise or energy supply, the availability of free space allows for these new demands to be accommodated. This potential increases the resilience of the area, compared with an area where new demands are impossible to fit in;
• The number and importance of networks is directly linked with the quality and quantity of connections. The networks of transport, water, energy and communication are taken into account. When there are more connections of better quality (faster, higher connectedness, more links, more intense) indirect collaboration between existing elements in the network/in the area will facilitate emergent patterns and functionalities. This type of highly connected networks keeps on functioning in uncertain circumstances and when unprecedented (weather) events occur. When required, these intense networks will develop emergent structures that start dealing with the event. By contrast, in single structured networks, without many connections, alternatives are difficultly developed. A good example of the latter is a neighbourhood located in the bush with only one road to and from the area. In case of a bushfire the access and evacuation to/from the neighbourhood is difficult and dangerous. It is obvious that a multiple connected neighbourhood has better chances to survive the event, hence represents a higher resilience;
• Within the networks crucial points, the focal, or starting, points are determined. These points form the most intense nodes, where networks are connected. Where a large number of network connections come together it is more likely that changes happen, new developments start and changes can be incorporated. Here, jumps or tipping points are most likely to occur, because the chance of interaction between elements is much larger than in less intense or not connected areas and nodes. Spatial examples of these nodes are crossroads, intersections, bridges, dams, river deltas, public squares, energy distribution hubs, communication hubs, airports, shopping centres etcetera. These nodes occupy the crucial and strategic places in the urban network and landscape. From here the rest of the area and networks are 'patronised', e.g. influenced and developed in a directive way. For instance, these nodes are the points where water is distributed in case of a flood, where the energy is distributed and exchanged in case of high or low demand or the places where the mode of transport is chosen and then occupied through the rest of the network. When these nodes can function as the 'tipping points' where developments can start when external 'shocks' occur, and redistribute the water, traffic or energy according to the available capacity in the network, these points contribute to an increased resilience in the area;
• A potential change in land-use, functions and human activities is fundamental in allowing change to happen. In many current spatial designs functions and activities are predetermined by the design and don't in allow the flexibility for changes to take place or, even stronger, to be stimulated. The property of a complex adaptive system to retain its basic features, whilst developing change, improves resilience. The adaptive system, in order to prevent itself from getting 'locked in', needs 'anticipating' tipping points to enhance change. The system needs to be triggered to change its land-use, human activities and functions, whenever external factors ask for it. For instance, if an area is flood prone the tipping point is defined as the moment at which the system 'breaks', e.g. is no longer capable of dealing with an overshoot of water. The anticipative tipping point already incorporates this in the precautionary changes the system undergoes. In other words, changed land-use, functions and activities are already in place, even before the external pressure on the system becomes too large. In this way, incorporated resilience becomes part of the system at a very early stage. These spatial dimensions need to be seen as mutually complementary and form an integrated part of each particular area. Each of the dimensions is strongly related to the other ones and when used in a planning process can never be looked at from a separated perspective. The other major aspect to discuss is the time factor. The pace at which a weather event occurs determines the way these spatial dimensions are capable of dealing with such an external 'shock'. If the hazard occurs suddenly, rapidly and by surprise, a resilient system already functions in a way that it can take up the impacts of the event. Given the fact that many weather events are unprecedented it is even more important to prepare ahead and have system properties in place that are anticipative.
Swarm Planning
When the spatially translated properties of complex adaptive systems are used in spatial design a new design paradigm emerges, which increases the resilience of areas, allowing the spatial system to jump to higher levels of complexity when necessary. This design paradigm is called Swarm Planning [Roggema, 2005; 2008a; 2008b; Roggema and Van den Dobbelsteen 2007; Roggema w. De Plaa, 2009 ] Swarm Planning of those areas, i.e. spatial systems with increased adaptive capacity and resilience, requires three activities:
1. Increase the collective capacity to manage resilience [Walker et al., 2004] . This requires a collective future view on what a resilient equilibrium, under threat of climate change and hazards, looks like. In this step the simple rules are defined that govern the behaviour of the swarm; 2. Define the spatial elements, as described in the previous paragraph, to be able to use the properties of complex adaptive systems in design and spatial processes. In this step the design parameters to work with (or the spatial elements the swarm consists of) are defined; 3. Start the process of increasing resilience. The jump to a higher level of resilience or complexity often requires an impulse. In this step the crucial intervention, which will start developments is defined. The swarm (the collective of spatial elements) responds to, prepares for or anticipates external changes and reshapes accordingly. Swarm planning, implemented following these three steps is capable of increasing the adaptive capacity and resilience in spatial systems, and improving the capacity of regions and areas to anticipate (extreme) climate events. Swarm Planning is experimentally applied to design for floods in the Eemsdelta case study.
Swarm Planning example: floodable landscape
In the current discourse about coastal defences for sea level rise and storm surges, the safety level is increased through the strengthening and heightening of protecting structures, such as levees and dikes. Fast and accelerated sea level rise as predicted by Hansen and others [Hansen 2007; Hansen et al, 2007; Hamilton and Kaiser 2009; Lenton et al, 2008; Rahmstorf et al, 2007; Tin, 2008] raise concern about the capability of defences to withstand extreme circumstances at all times. Eventually, even the strongest dike will breach. The consequence of this belief in defending assets with an increasingly stronger dike is that once it breaches the impact is enormous, since the value of these assets is very high. A huge disaster will destroy assets of high value, such as properties, productive land and human life.
Eemsdelta case study
The Eemsdelta area is located in the North Eastern part of the Netherlands. The topography of the area is not very dramatic, but shows slight differences between the southern and northern parts. Surprisingly, the areas closer to the sea are around 1.5 meter higher than the inland parts. The majority of the area is in agricultural use and most of the villages have historical value. The area faces the sea to the North and a large river, the Eems, to the East. This location makes the area vulnerable to the impacts of sea level rise. The coastal defence is formed by a strong dike, which has its weakest point at the eastern boundary of the case study area. Should the dike breach here the flooding would reach the major city, Groningen, within 36 hours. Moreover, the area is the main supplier of natural gas, the extraction of which is under threat when such a flood would occur. Major economic development takes place in and near the Eems harbour, where energy supply, innovative and sustainable industries and main energy networks form a major asset. The area is one of the special attention and development areas for the regional government and one of the so-called hotspots for a climate adaptive spatial development. Planning for the area is under way and focuses on economic development, conservation of heritage sites and a sustainable and climate proof future. Sea level rise in combination with storm surge, as the major threats from a climate change perspective, are taken as the starting point for the pilot-design. Given the uncertain pace of sea level rise and the specific moment the dike eventually will breach, it is worth exploring whether alternative designs may potentially be better equipped for decreasing the risk. The three stages of Swarm Planning, as outlined above, are used to increase preparedness and to anticipate future changes. Firstly, a collective view has been developed. This view emphasises that: under accelerated sea level rise, even the strongest dike will eventually breach and alternative coastal defence solutions need to be investigated. The key drivers for this alternative are (1) water will flow to the lowest points, topography determines where those are, (2) sea level rise determines the level of the water and (3) a north western storm surge determines the moment sea water will eventually flow behind the defence. Secondly, once this alternative view has been conceived, a design strategy was developed. This strategy, represented in figure 1, was based on the spatial dimensions of complex adaptive systems, as demonstrated previously. Core idea in the design strategy is to move along with expected change rather than fighting and withstanding it. Water is allowed to enter the hinterland from the beginning, giving people, institutions and all functions the chance to anticipate the future by acting as if this future is already real. This was done by creating an inlet at the most vulnerable point in the coastal defence and allowing water to inundate at a slow pace. Only when the sea level rises with respectively 0.3m, 0.6m, 0.9m and 1.2m a larger area will be impacted by intruding sea water. The urban developments are directed by this expected change over time. Houses and other functions are adjusted to these future circumstances, e.g. are built floating, amphibious or water proof. Resilience of the area is increased through the following design interventions:
1. The functional mix in the design is extended through the combination of new forms of living and building, natural water-rich areas and new forms of infrastructure, which are combined with the existing agriculture and cultural heritage landscape. The richness of the functional intensities allow for the configuration, mix and layout of the area to be adjusted more easily when an external 'shock' occurs hence increasing the resilience of the area; 2. The mosaic in the landscape is enriched through the introduction of temporary spaces, which are prepared for flooding, but in normal circumstances function as agricultural open spaces, natural wetlands or juvenile brook-forests. This differentiated spatial area offers more opportunities to adjust it to unforeseen external factors; 3. Space for natural resources, such as water, food and energy is provided and these resources are stored in the potentially flooded area. The temporary character of the design allows for permanent reconfiguration of the supply. Demand can be met, even if sudden changes occur. When climate change causes unexpected new circumstances, shifts between the supply of energy, food and water may be required, so when the landscape is capable of enabling these kinds of changes, resilience is improved; 4. The design accommodates for free space for expected but undetermined 'extra' flooding, sea level rise or energy supply. This increases the resilience of the area when compared to an area where new demands are impossible to fit in; 5. The crucial focal point in the network in this area is the location of the weak point in the coastal defence. The design determines this node in the network and defines it as a tipping point for change. From this node development start to emerge, forming new patterns of where the water may flow, meanwhile determining new qualities of living, water management and nature; 6. This node, the first place where pressure on the system will enforce change can be seen as the 'anticipating' tipping point for change. Here, the system is triggered to change its land-use, human activities and functions, because the external pressure asks for it. The landscape is prepared for receiving water and the buildings are prepared for water in their environments. In other words, the changes in land-use, functions and activities are already in place, even before the external pressure on the system becomes too large. In this way, incorporated resilience becomes part of the system at a very early stage. Swarm planning for a floodable landscape at 0.3, 0.6, 0.9 and 1.2 m sea level rise [Roggema, 2009] Finally, as the third phase of Swarm Planning, the process of resilience starts: instead of keeping strengthening the coastal defences, the design proposes to create a hole in the dike in an early stage. This will start the process of adaptation to future circumstances, even when it is not known what those will be exactly. This hole in the dike leads to a slow transformation of the area, 'hosting' more water as sea level is rising. An advantage of this design approach is that it prevents damaging impacts of a large disaster, because the water has already been allowed to enter the hinterland and is treated as an ally rather than as an enemy. Because it is possible to accurately predict where the water will flow, people, buildings and organisations are capable of adapting in an early stage. The water will bring gradual changes and benefits. At first, brackish conditions will emerge in the unplanned areas, allowing enrichment of ecological conditions. Secondly and in a later stage all new buildings face water in their environment, a real estate asset of great value. The biggest advantage will probably be the fact that due to the slow pace of entering seawater a disaster never actually happens, but it is tamed to a gradually changing wet environment, which makes the area inherently safe. Despite the fact that this paper does not focus on political or community processes, which facilitate the realisation of spatial design, a design, and especially an innovative one, is worthless without support from decision makers and citizens. In this specific case study the iconic image of a landscape that disappears under water makes the role of politicians and the community even more important. The political context in this area is complex, but driven by urgency. The fact that several municipalities, a province and two waterboards, all being democratically chosen, govern the area makes decision making complex. However, the fact that climate change may have huge impacts and economically valuable assets, such as the National gas extraction fields and the harbours, are at stake, combined with the fact that the population in this area is shrinking, gives politics every reason to be interested. This was the reason that the regional government, in collaboration with the other responsible governments, developed a structure vision for the area in which climate adaptation plays an important role. There was also awareness amongst responsible mayors, councillors and regional ministers that innovative ideas are essential to find a strategy to increase resilience. The somewhat out-of-the-box design proposals were welcomed as valuable suggestions, but were not immediately embraced as the one-and-only overarching solution. The community, despite the fact that population is shrinking and inhabitation densities are fairly low, was involved in the design process. The design ideas were shared in an early stage and were communicated carefully. The fact that the proposed strategy could prevent an unexpected disaster with large impact created support. Two elements were crucial in gaining support amongst communities. The first element is time. The pace of proposed changes is slow, which allows individuals to adjust step-by-step and determine their moment of leaving the area or to stay and accept changes. These kinds of decisions are not easily made and require time. The pace of change will be so slow that it matches the decision making process. The second factor of importance was the potential increase in property value. The new landscape is a landscape in which water plays a dominant role and existing houses are repositioned in the midst of a water-rich environment and in the middle of nature. These are assets that increase average real estate value. Only farmers voiced a negative reflection on the ideas. They faced the choice of either leaving their generation-long owned land or adjusting crops and farming techniques to the new, more saline circumstances.
Conclusion and discussion
As discussed in this paper climate adaptation faces uncertainty because changes in climate are difficult to predict. This causes a dilemma in a spatial planning and design context, because failure to include adaptation in spatial plans may lead to non-adaptation, which leads to a bad or no preparation for future changes. On the other hand, taking action now incorporates the risk of mal-adaptation, making wrong choices and preparing society in a bad way for the future. The cause of this lies in the complex character of uncertain and long-term climate adaptation, while spatial planning and design is oriented on the relatively short-term and consists of pretty straightforward (tame) activities. This paper has described a potential way out of this dilemma, namely through the usage of properties well known in complex adaptive systems theory to describe spatial systems. However, complex adaptive systems are studied in a limited number of fields, such as ecology, sociology, computation and organisational theory. Therefore it is necessary to translate the properties of complex adaptive systems to spatially relevant entities, such as typologies, numbers and amounts of these entities, in order to use them to design regions that are more resilient and have a larger adaptive capacity. The paper demonstrates the possible use of these entities in spatial planning and design practice and to our knowledge this is the first attempt to achieve this. The spatial characteristics, derived from these properties form the second step of the Swarm Planning methodology, which consists furthermore of the first, development of a collective view, and the third step, start the ignition and emergence of the increase of resilience. The case study shows how this methodology can be used in the development of a spatial design and how the complex adaptive entities can be applied. The results of the case study emphasise that resilience can be enhanced when these properties are used to conceive the design, but the case study does not 'proof' an improved resilience, hence this requires further elaboration. The results of the case study need to be quantified and compared with other case studies, which need to be developed. Finally, when spatial systems are seen as complex adaptive systems, which behave like swarms, the resilience and adaptive capacity of regions can be increased. However, endless trust in engineering spatial solutions withstands widespread implementation of these principles in practice. Continuing on this pathway of engineering our way out of problems the solutions may appear robust, but lack resilience and, in dealing with extreme weather events, this will lead to more disasters. In the alternative design that incorporates potential effects of severe weather events in designs and the spatial layout of an area as demonstrated in this paper, future hazards are no longer a surprise, but will have become part of the 'existing': the area has already adapted before it is confronted with disasters.
